Functional analysis of multiple single-stranded DNA-binding proteins from Methanosarcina acetivorans and their effects on DNA synthesis by DNA polymerase BI.
Single-stranded DNA-binding proteins and their functional homologs, replication protein A, are essential components of cellular DNA replication, repair and recombination. We describe here the isolation and characterization of multiple replication protein A homologs, RPA1, RPA2, and RPA3, from the archaeon Methanosarcina acetivorans. RPA1 comprises four single-stranded DNA-binding domains, while RPA2 and RPA3 are each composed of two such domains and a zinc finger domain. Gel filtration analysis suggested that RPA1 exists as homotetramers and homodimers in solution, while RPA2 and RPA3 form only homodimers. Unlike the multiple RPA proteins found in other Archaea and eukaryotes, each of the M. acetivorans RPAs can act as a distinct single-stranded DNA-binding protein. Fluorescence resonance energy transfer and fluorescence polarization anisotropy studies revealed that the M. acetivorans RPAs bind to as few as 10 single-stranded DNA bases. However, more stable binding is achieved with single-stranded DNA of 18-23 bases, and for such substrates the estimated Kd was 3.82 +/- 0.28 nM, 173.6 +/- 105.17 nM, and 5.92 +/- 0.23 nM, for RPA1, RPA2, and RPA3, respectively. The architectures of the M. acetivorans RPAs are different from those of hitherto reported homologs. Thus, these proteins may represent novel forms of replication protein A. Most importantly, our results show that the three RPAs and their combinations highly stimulate the primer extension capacity of M. acetivorans DNA polymerase BI. Although bacterial SSB and eukaryotic RPA have been shown to stimulate DNA synthesis by their cognate DNA polymerases, our findings provide the first in vitro biochemical evidence for the conservation of this property in an archaeon.